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CHANGES DURING THE LAST TWENTY YEARS IN THE 
WORLD’S SPEED RECORDS OF RACING ANIMALS. 


By A. E. KENNELLY. 


Presented January 13, 1926. Received January 23, 1926. 


In July 1906, the author presented a paper to the Academy!’ en- 
titled “An Approximate Law of Fatigue in the Speeds of Racing 
Animals.”” That paper will be referred to, in what follows, as the 
“earlier paper,’ or the “1906 paper.” This paper is offered as a 
sequel. It attempts to bring the subject up to date, from January 
1906 to January 1926. 

A brief summary must first be given of the contents of the 1906 
paper. The world’s racing records were presented, as to both dis- 
tances and running times, in eight classes of athletic speed events; 
namely, for horses in three gaits—trotting, pacing and running; 
likewise for men in five gaits—walking, running, rowing, skating and 
swimming. It was shown that, denoting the length of the race in 
meters by L, the time occupied by the winner, in seconds, by 7, and 
the mean speed of the winner over the course, in meters per second, 
by V’, if any one of these three quantities were plotted as ordinates, on 
ordinary uniform squared paper, against either of the two remaining 
quantities as abscissas, the graph was a certain curve, not easily in- 
terpreted on simple inspection. The mean speed J’ diminishes when 
either the distance L or the time 7 is increased. If, however, these 
world records are plotted on “logarithm paper,” then approximate 
straight lines are evolved in each and all of the six graphs suggested 
(7 against either L or V, L against either 7 or |’, and V' against 
either L or 7). This straight-line relation between the variables, on 
logarithm paper, shows that there is a set of simple exponential 
relations between the three variables in each class of events, or that 
one varies as a certain power of either of the two others. 

Moreover, curiously enough, the approximate straight lines on 
“log paper” representing the eight different classes of events, are all 
substantially parallel to each other. This means that there is not 
only a certain approximate law of “fatigue,” in one and the same class 
of races, whereby the speed V' falls off according to certain powers of 
the course length L, or of the running time 7’; but the same approxi- 
mate law of fatigue underlies all of the eight classes of races, alike for 
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488 KENNELLY. 


bipeds and quadrupeds, and for all the various gaits investigated of 
each. The mean speed V of men swimming is very different from 
say that of horses trotting; but the exponential relation between the 
diminution of speed, with increasing L or increasing 7, is the same, 
or at least substantially the same, in both cases. 

The actual relations deduced were as follows, with reference to any 
events in the same class 


_ 
=— and also seconds (1) 
L=eo « « meters (2 


where = represents approximate, as distinguished from strict equality, 
and ¢ is a constant for each particular class of events. Consequently, 
from (1), doubling the length L of a race increases the time 7 ap- 
proximately 118 per cent; while doubling the mean speed V, cuts 
down the racing time 512 times. 

From (2), doubling the time 7 of a race allows of approximately 
85 per cent increase in its length L; while doubling the velocity V, 
cuts down the length L 256 times. 

From (3), doubling the distance run L, brings down the mean 
velocity V, over the course, by approximately 9.3 per cent; while 
doubling the racing time 7’, cuts down the velocity V 7.4 per cent. 

It was also shown that so far as the evidence from the behavior of 
many racers over different lengths of course could be applied to the 
speed performance of any one racer in a single contest, it was probable 
that a record maker’s best speed should be as nearly as possible 
uniform, from start to finish, and just such as to bring him to muscular 
exhaustion at the goal. Any slackening of speed, on the one hand, or 
acceleration of speed on the other, at any part of the course, was 
probably destructive of his best performance. 

It was likewise pointed out that the records best open to future 
attack by athletes, were probably those which fell on the defective 
side of the straight lines, in the various graphs accompanying the 
paper. 

The world’s records referred to, were taken from the pages of “The 
World Almanac and Encyclopedia” for 1906, and preceding years. 
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They are tabulated by events in the 1906 paper. There are 49 for 
horses and 216 for men, excluding bicycling records. 

In this paper, 133 new records up to Jan. Ist, 1926 are reported, 
32 for horses and 101 for men, These are tabulated in the following 
pages. The preceding records are not repeated in the tabulation; 
but the various following diagrams contain both the unbroken earlier 
as well as the later records, in graphical representation. 

The straight lines drawn on the diagrams of this paper, as repre- 
senting the selected approximate standard exponent for each event, 
are located in the same positions as in the corresponding diagrams of 
the earlier paper. In this way, the bearings of the new records can 
be more fairly judged than if the straight lines were drawn to suit the 
new records in each case. Exceptions, however, should be noted in 
the records of swimming and of bicycling, to which reference will be 
made later on. 

The new records are taken from the latest numbers of the “ World 
Almanac and Book of Facts,”’ of New York, with a few additions from 
“Whittaker’s Almanac” of London. They may be presented in the 
same order as in the earlier paper. 


Horses TROTTING 


Table I gives the three lowered records for the 1-mile, 3-mile and 
5-mile events, (116.75, 250.25 and 728.25 seconds), made in 1922, 
1925, and 1919 respectively. There is also a new 7/S-mile event. 
All the records, new and old, are plotted on the logarithmically 
ruled sheet Fig. 1, making two traverses over the same. Here time 7 
in seconds is plotted against the race length Lin meters. The straight 
lines are placed as drawn on the corresponding diagram of the earlier 
paper. It will be seen that, up to and including 30 km. of distance, 
the agreement of the records with the straight lines is good. Beyond 
30 km., the times are long, and the average speeds are low. The 
straight lines are drawn at a slope of 9 units in ordinates to 8 similar 
units in abscissas. These lines therefore make with the axis of ab- 
scissas an angle of 48° 22’, whose tangent is 9/8. This corresponds to 
a relation between 7 and L represented by the equation: 


18 
"= 33.9 seconds (4) 


The times 7” seconds, computed from formula (4) for the distances 
L of these new records, are given in the Table. These computed 
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Ficure 1. WORLD'S RECORDS HORSES TROTTING 
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times are 119.5, 260.7 and 730.8 seconds respectively. The new 
records are better than these by 2.75, 10.45 and 2.55 seconds respec- 
tively. The earlier records were 118.5, 257 and 750.75 seconds re- 
spectively. The principal change has been in the 5-mile record, 
which, instead of being 20 seconds worse than the computed time 7”, 
has become 2.55 seconds better than T’. 

The mean speeds V’ over the courses in the various events, are all 
collected for ready comparison into one diagram—Fig. 11. It will be 
seen that, up to 30 km. of distance L, the points for trotting horses 
fall on a fairly good line, which corresponds to 


33.9 


V = jes meters per second (5) 
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Horses RUNNING 


Table II shows the world’s records made by running horses since 
1906, and the dates at which they were respectively established. 

The records, old and new, are collected in Fig. 2, a logarithmically 
ruled diagram. The unbroken straight line is located as in the cor- 
responding diagram of the 1906 paper. It will be seen that for dis- 
tances shorter than 1000 meters, the points lie above this line, or have 
excessive time. They represent therefore lower racing speeds than 
pertain to the straight-line law. These deviations of the short races 
from the line may be explained by starting inertia, or the delay caused 
in acceleration to full speed, at and near the start. For distances 
beyond 1000 meters, the records prior to 1906 fall in most cases close 
to the unbroken straight line, corresponding to the relations 


198 
T= seconds (6) 
and 
y= 42.4 meters (7 
second 


The new records, beyond 1000 meters distance, lie in most cases 
below the earlier straight line. A new and broken straight line has 
therefore been drawn, below and parallel to the first, and passing very 
nearly through the new 2012-meter event. This broken line for the 
new records, corresponds to the relations :— 


L983 
= 434 seconds (8) 
and 
43.4 meters 
p18 seconds (9) 


This change of the coefficient c from 42.4 to 43.4, represents an 
apparent average increase of racing speed since 1906, amounting to 
2.3 per cent. It might be accounted for by an improvement in the 
record-making ability of running horses during the past twenty years. 
Such an improvement in the performance of horses is net a new phe- 
nomenon. As was pointed out in the earlier paper, attention has 
been called to continuous improvements in the speeds of trotting and 
of running horses, by the late Prof. F. E. Nipher, in a communication 
presented to the St. Louis 1903 meeting of the American Association 
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While there seems to be a small similar improvement in the new 
new records of Fig. 1 for trotting horses, there are only three of them 
to judge from, and the amount of such hypothetical improvement for 
the speeds of trotting horses is more doubtful. 


Horses PAcinG 


Only five lowered pacing records have been found (14, 1), 144, 
3and 5miles). They are given in Table III, and are plotted in Fig. 3, 
along with the earlier records, and the earlier straight line. It is diffi- 
cult to say from this Figure, whether there has been any appreciable 
improvement in pacing speeds since 1906. The straight-line corre- 
sponds to the equations: 


198 

T= 34 38 seconds (10) 
ie 34.38 meters (11) 
second 


Summing up the conclusions relating to the new world’s records of 
horse racing, We may say that there appears to have been a small but 
distinct improvement in the speeds of running horses since 1906, and 
possibly also of trotting horses, but it is doubtful if any change has 
been shown in the speeds of pacing horses. The straight TZ lines 
on logarithm paper of these three classes of events are the same as 
they were in 1906, except that of running horses which has moved 
down slightly. All these lines are parallel, or substantially so, thus 
showing the same law of fatigue, or of diminution of course speed with 
respect to distance covered. 

As was pointed out in the earlier paper, it may be noted that the 
precision of conformity between the events and the straight-line law 
on log paper is greater in the horse races than in men races. 


MEN RUNNING 

There have been about thirty new world’s running records made 
since 1906, of which about half are improvements on earlier records, 
and half new records made for distances not listed in the earlier series. 
These new records are given in Table IV. The entire series of old 
and new records are plotted in Fig. 4, and they cross this Figure 
three times, first in the upper left-hand area, then across the middle, 
and last in the lower right-hand area. These may be described as the 
top-, middle- and bottom-line sections. By the use of these three 
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Fieure 3. WORLD'S RECORDS HORSES PACING 
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parts of one and the same straight line, all distances are accommodated 
from 20 meters to 100 kilometers, and all times from 3 seconds to 
27,000 seconds. 

It will be seen that in the top section, the events depart from the 
line, upwards, except the 91.4 meter event (100 yards) which is now 
a little below the line. These deviations, at the very short sprints 
below 90 meters, may be attributed to starting inertia. 

In the middle section, the events swing from one side of the line to 
the other. They are below the line from 100 to 400 meters. This 
means that the times are relatively short over those distances. It is 
generally admitted that the stress in, and physical exhaustion from, 
these races between 100 and 400 meters, are greater than over any 
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Fieure 4. WORLDS RUNNING RECOROS 
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other running distances. Between 600 and 6,000 meters, the events 
are mostly above the line; although as we shall see presently, they have 
been brought down nearer to it in the last twenty years. Over this 
range then, the times are relatively long, and, in spite of recent suc- 
cessful attacks, the records seem more vulnerable, than below 600 
meters. 

In the bottom section, the events conform fairly well to the line 
from 6,000 to 40,000 meters. Beyond 40 km., the times are relatively 
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long, and the events plot high. This relative weakness of the very 
long runs may be due either to the view that they have not been suf- 
ficiently contested for by athletes, or that the law of fatigue, repre- 
sented by the straight line, undergoes some modification beyond 40 
km. 

Taking Fig. 4 as a whole, it is evident that there has been no 
marked change in world’s running speeds during the last twenty 
years. There have been a few records broken in the sprints between 
90 and 200 meters, and these have raised the maximum racing speed 
averaged over a course, from 9.8 to 9.9 meters per second, at 120 
meters distance. This is one of the notable running achievements of 
these two decades. There have also been a number of new world’s 
records established particularly at metric distances, such as 2 km., 
3km.,ete. This is merely an indication of the infiltration of the inter- 
national metric system of weights and measures into American sports, 
through our contact with world events. In 1906, only a few metric 
events were reported in the “ World Almanac.”’ In the latest editions, 
there are about two-thirds as many metric as non-metric running 
records. At this rate of change, the mile and the yard are likely to 
become superseded units of athletic distance in the course of a few 
more decades. No other solution indeed seems ultimately possible, 
in order to bring athletics to a completely international basis. Some 
of the new metric records plot well above the line, and will probably 
be brought down in future contests, judging by older records near to 
them. 

Noteworthy improvements in records have also been accomplished 
during the past twenty years within the fairly long-run range 600- 
9,000 meters. As was pointed out in the earlier paper, the records 
prior to 1906 were weak over this range, since they plotted well above 
the line. A number of improved records have since been made in 
this specially vulnerable range. The new ones plot nearer to the line, 
or in a few cases they actually reach the line. The celebrated recent 
exploits of Nurmi and Ritola have made inroads into this weak range 
of distances. 

The straight lines of Fig. 4 are drawn to repeat the formula of the 
earlier paper: namely 
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1701 seconds (12) 
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MEN WALKING 


There have been relatively few changes reported in walking records 
since 1906. The records for five events have been improved (1, 2, 4, 
7 and 8 miles). Six new metric distances have been added (3, 5, 10, 
15, 20 and 25 km.). One new mile distance has been added (25 
miles). Beyond that distance, no changes or additions appear to 
have been made. All the new records appear in Table V; while the 
full series of old and new records appear in Fig. 5. 


Fioure 5. WORLDS WALKING RECORDS 
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A peculiarity of walking records, to which attention was called in 
the earlier paper, is that all the records up to a distance of 6 km., lie 
above the line, or are affected by relatively low speed. This cannot be 
attributed to starting inertia, because the running races show that 
their inertia retardation practically disappears beyond distances of 
100 meters, and with the lesser speeds of walking, the starting inertia 
retardation should be smaller still. It might possibly be accounted 
for by the limitations of the human mechanism, in relation to this 
particular mode of progression or gait. The man who keeps contact 
with the ground at all times, as in heel-and-toe walking, is perhaps 
prevented from advancing at the speed which brings him to the goal 
muscularly exhausted, when the distance to be covered is less than 
six kilometers. 

Beyond 120 km. also, the points on the diagram move upwards from 
the straight line. It is uncertain whether the extra low speed of these 
long walking races is due to lack of competition, or to the intervention 
of some other and different law of fatigue. When the race lasts more 
than twelve hours, it is evident that other factors of retardation may 
come into play. Between the limits of 6 km. and 120 km., however, 
the events plot close to the straight line of the earlier paper. This 
straight line represents the relations: 


193 
seconds (14) 
and 
11.6 meters (15) 
second 


Men RowInG 


Three new records are reported in eight-oar races (2, 3 and 4 miles), 
and one in four-oar races (2 miles). There does not seem to have been 
any marked change in the position of the lines which were drawn on 
the diagram of the earlier paper. The fluctuating influence of wind 
during the particular period of a boat race, makes the normal boat 
speed in the absence of wind, more difficult to determine. Table VI 
presents the new records, and Fig. 6 repeats the earlier diagram with 
the new records incorporated. 

The best record of the Oxford-Cambridge University races has also 
been marked in Fig. 6 and Table VI, taking the distance as reported 
at 414 miles (6840 meters). This race is reported as having been 
rowed seventy times, over the Putney to Mortlake course, since 
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Men SWIMMING 


records have been 
presented in Table 


A considerable number (16) of new swimming 
reported during the past twenty years. They are 
VII and plotted in Fig. 7. 


Fieure 7. WORLDS SWIMMING RECORDS 
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It will be seen that the new records lie for the most part so far below 
the old line, that a new and broken parallel line has been drawn to 
represent them more closely. ‘This corresponds to a distinct improve- 
ment in swimming speeds in the last two decades, and constitutes a 
noteworthy accession to human athletic accomplishment. The only 
other such improvement reported in this paper has already been noted, 
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in relation to the speeds of running horses which was relatively small 
increase of about 2 per cent, attributable presumably to improvement 
in the breeding of horses, as racing animals, by artificial selection. In 
this case of swimming men, however, the improvement is attributable 
to the invention and development of a new method of self-propulsion 
in the water, called “free style,’’ as compared with the earlier style of 
racing. The improvement in swimming speeds thus attained, has 
amounted to very nearly ten per cent—a notable achievement. 
The earlier records and their straight line follow the formulas: 


= 608 seconds (18) 
and 
, 2.628 meters (19) 
second 
The broken straight line drawn for the new records follow the formulas 
(2 
5 885 seconds (20) 
2.885 meters 
Lis second (21) 


MEN SKATING 


There have been many new skating records since 1906; although it 

is doubtful if they show any general increase in speeds. Skating 
records are apt to be appreciably affected by wind velocities; so that 
a high degree of precision in their quantitative sequence is not to be 
expected. In the paper of 1906, analysis was confined to amateur 
skating records. Table VIII contains both amateur and professional 
records. 
All the records are plotted in Fig. 8, which repeats the straight line 
obtained in the earlier papers. It will be observed that the times are 
relatively long, and average speeds low, for distances less than 400 
meters. This is perhaps attributable to starting inertia. Beyond 
that distance, the events conform fairly well with the straight line up 
to 150 km. This straight line can be represented by 


198 
= 55 06 seconds (22) 
and 
25.96 meters 
V= (23) 
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Fioure 8. WORLD'S SKATING RECORDS 
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MEN BIcYCLINnG 
In the earlier paper, the records available were pointed out as being 


inconsistent and incomplete. The records, when plotted, indicated a 
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nearly uniform racing speed over all courses up to about 50 km., dis- 
regarding the very short races; so that there was apparently no in- 
dicated fatigue until after that distance had been covered. Beyond 
50 km., the speeds fell off with further increase in distance, but some- 
what irregularly. The new records are also inconsistent. Some of 
them were made with special wind shields supported on the pacing 
motor. These belong to a class by themselves, the speeds attainable 
in that way, being considerably greater. The new records appear in 
Table IX and Fig. 9 gives the diagram of all the records. The broken 


TABLE IX. 
Men Bicyctinc—Recorps 1906 To 1926. 
Time Distance Mean Speed 
Date Distance Seconds Meters m/sec. 
T L Vv 
1913 ly mi. 18.8 402.3 21.40 
1913 16 mi. 37.6 804.6 21.40 
1 km. 53.6 1000 18.66 
1910 24 mi. 55.0 107.28 19.50 
1917 1 mi. 64.2 1609.3 25.07 
2 km. 97.2 2000 20.58 
1909 2 mi. 129.8 3218.7 24.79 
3 km. 137 3000 21.90 
4 km. 176 4000 23.73 
aa 3 mi. 193.4 4828 24.96 
5 km. 194.2 5000 25.75 
1917 4 mi. 256.8 6437 .4 25.07 
1917 5 mi. 318.4 8046.7 25.27 
1909 6 mi. 388 .2 9656 24.87 
10 km. 356.4 10000 28 .06 
1909 7 mi. 453.6 11265 24.84 
1909 8 mi. 518.2 12875 24.85 
1909 9 mi. 585.8 14484 24.73 
1917 10 mi. 659.6 16093 24.40 
20 km. 686.6 20000 29.13 
50 km. 1687.4 50000 29.64 
100 km. 3335.8 100000 29.98 
69 mi. 1526 yd. 3600 112445 31.24 
1902 220 mi. 1410 yd.| 21600 355350 16.45 
1899 349 mi. 1447 yd. 43200 563020 13.03 
1899 634 mi. 774 yd.| 86400 1021100 11.82 
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straight line is drawn at the same angle of 48° 22’ with the base, as in 
the preceding Figures. It can only be regarded as conforming very 
imperfectly with the records on the longer races. The actual speeds 
as shown in Fig. 11, are not far from uniform at 23 meters per second 
up to 100 km. distance. The highest course speed recorded is actually 
31.24 meters per second developed in a wind-shielded run of 112.4 
km. Until bicycle contests are more standardized, there seems to 
be little hope of consistent record behavior. The heavy straight line 
in Fig. 9 is drawn at an angle of 45° with the axes, to correspond to 
the uniform racing speed of 23 meters per second, or performance 
without the appearance of fatigue. 


AUTOMOBILES 


At the date of the earlier paper, the records made by automobiles 
over varying distances had not been sufficiently well established to 
warrant presentation. The automobile, being propelled by inani- 
mate mechanism and not by muscles, is exempt from fatigue in the 
ordinary sense. We should therefore expect that, except for starting 
inertia, which would prevent the development of full speed over short 
runs, an automobile of a given make, should be able to run at constant 
full speed over any standard uniform course of any length. When, 
however, very long distances have to be run in the contest, we might 
expect occasional accidental delays to occur, either from nervous 
fatigue on the part of the driver, or from the effect of impaired mech- 
anism, reduced lubrication or the like. This is in agreement with 
the records, which are presented in Table X and Fig. 10. 

Referring to Fig. 10, there are two parallel straight lines running 
side by side in two traverses across the sheet, the upper one broken 
and carrying open circles, the lower one unbroken, and with black 
circles. The former was drawn late in the year 1925, from records 
reported up to January Ist of that year. The latter has since had to 
be drawn, to cover the new records reported up to January Ist, 1926. 
Both lines make 45° with the axes, and therefore, correspond to uni- 
form speed. The upper line of 1925, corresponds to a speed of ap- 
proximately 54.5 meters per second. The lower line of 1926, to a 
speed of 60 meters per second. This shows that over the range be- 
tween 8 km. and say 100 km., a speed increase of about 10 per cent. 
has’ been effected in the year 1925 alone. Both lines and sets of 
records have been presented for automobiles, as a matter of interest. 
The corresponding two horizontal lines of constant speed appear in 


Fig. 11. 
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TABLE X. 


ReEcorRD OF AUTOMOBILES—SPEEDWAY RECORDS COMPETITIVE. 


| Time Distance Mean Speed 
Date | Distance Seconds Meters m/sec. 
L 
1916 1 mi. 40.23 1,609.3 40.00 
1917 69.57 3,218.6 46.26 
1916 3 + 114.81 4,828 42.05 
1917 134.22 6,437 47.96 
1925 5 134.60 8,046.7 59.78 
1925 10 265 . 20 16,094 60.67 
1925 15 “ 395.60 24,140 51.02 
1925 * 530.40 32,190 60.68 
1925 i 666 . 60 40,240 60.36 
1925 50 “ 1,331.00 80,470 60.35 
1925 75 2,100.48 | 120,700 57.46 | 
1925 100 “ 2,801.39 | 160,930 57.44 | 
1925 150 “ 4,243.60 | 241,400 56.89 
1924 200 “ 5,680.80 | 321,860 56.66 
1925 250 “ 7,093.60 | 402,400 56.73 
1922 300 “ 10,012.96 | 482,800 48 .22 
1915 350 “ 12,282.99 | 563,330 45.86 
1925 400 “ 14,190.19 | 643,720 45.36 
1925 450 “ 16,080.10 | 724,210 45.04 
1925 500 17,799.46 | 804,700 45.21 


For runs of less than 8 km. the speeds appear defective, and again 
beyond 200 km. 

It would not be necessary to use logarithm paper in dealing with 
these automobile records, in order to produce a straight-line relation, 
when plotting time against distance between 80 and 400 km. Ordi- 
nary uniformly squared paper would serve, since the velocities are 
substantially uniform over that range, and no “ fatigue” is exhibited. 
A quasi fatigue is, however, exhibited between 500 and 800 km. 


SeEED DISTANCE DIAGRAM 


All of the diagrams 1 to 10 are, as already explained, time-distance 
diagrams on logarithmically ruled paper. Fig. 11 collects all the 
speed records for the various classes of events, according to formulas 
3, 5, 7, ete. The ordinates are the mean speed over the course in 
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Ficure 10.AUTOMOBILE RECORDS TO 1926 
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meters per second, and the abscissas, meters length of course. The 
diagram is logarithmically ruled. The lines are parallel, and are 
drawn to make an angle of 7° 7’ 30” with the axis of abscissas, an 
angle whose tangent is —1/8. Two lines, however, are drawn hori- 
zontally, namely, (1) the automobile line pair, at constant speeds of 
54.5 and 60 meters per second, and (2) the bicycle line, at a constant 
speed of 23 meters per second. We have already seen that fatigue 
is manifested in the longer bicycle runs, although not, at this date, ina 

consistent manner. 
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Table XI collects the results of the different classes of events in 
regard to speed. It corresponds to Table XVIII of the earlier paper. 

It will be seen that over a course of 1 kilometer, the racing speed 
varies from 17.88 m./sec. or 64.4 km./hr. with running horses, to 1.217 
m./sec. or 4.4. km./hr. for swimming men. The time required to make 
the kilometer, ranges similarly in these two classes of events from 
55.9 seconds to 821.9. 

The tables and diagrams here presented, together with those of the 
earlier paper, show that, within a moderate degree of precision, the 
relations between time, distance and average speed, are those of equa- 
tions (1), (2) and (3). The question naturally presents itself as to 
what bearing those relations have upon the best method of controlling 
speed in running a race, in order to make a record. For the mens’ 
running races, up to distances of say 400 meters, no suggestions offer 
themselves, because the time occupied in running is well below one 
minute, and the runner must sprint at full speed all the time. This 
is the practice that has long been recommended for sprinters, in books 
on training for the running track. When, however, the distance to 
be run exceeds 400 meters, and particularly, when it covers many 
kilometers, the suggestion presenting itself from this analysis, is that 
the speed of the runner should be as nearly uniform as possible, 
throughout the race, and that both spurts and relaxations are detri, 
mental to best performance. As was pointed out in the 1906 paper- 
this is because the penalty for high speed is so great in all the events. 
A record-making runner averages 7.7 meters per second over a half. 
kilometer race; but only 6.7 meters per second over a 2-km. race- 
These statements give no particulars as to what the speeds of the 
record-maker may have been in different parts of the race, and events 
of different distances are ordinarily competed for by different ath- 
letes. Nevertheless, there are some athletes that have made records 
over a considerable range of distances. For example, Nurmi is 
credited with running records for various events from 1500 to 10,000 
meters, with respective average speeds of 6.7 and 5.5 m. per sec. It 
is evident that he could not have kept up in any 1500 meters of his 
10,000-meter race, the speed at which he made the 1500-meter record. 
His speeds over the different quarters of his mile race are also re- 
ported to have been nearly uniform,' and correspond to speeds of 
6.87, 6.37, 6.20 and 6.33 meters per second. The deduction that 
long runs should be executed at as nearly constant speed as possible,” 
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does not seem to be in conformity with the recommendations of books 
on track training, with a few exceptions of recent date.* The cus- 
tomary advice is to commence a mile race at a speed well in excess of 
the average, for a few seconds, in order to secure headway and free 
space among the contestants, then to run the first quarter distinctly 
in excess of the average, the second quarter nearer to the average, the 
third below the average, and the final quarter with a spurt at the 
highest available speed. There can be no doubt as to the propriety 
of running the last section of the race as fast as possible, on any 
theory of action; but it is questionable, in the light of this analysis, 
how much departure from and above the average should be allowed in 
the earlier sections. The law of distances and times versus average 
speed from (1) is that one per cent increase in speed reduces the run- 
ning distance about eight per cent, and the running time to exhaustion 
about nine per cent. This is a heavy penalty for overspeeding. 

If this reasoning is correct, it would seem desirable that, in the 
training of long-distance runners, a phosphor-bronze wire should be 
run alongside the track over guide pulleys, being driven by a small 
electric motor housed at some convenient position on the route. The 
speed of the wire could be controlled by an observer in the house, 
furnished with an electrically driven stroboscopic! fork, and could 
be maintained constant, with all desired precision, at the suitably 
reduced average speed for the event under consideration. A small 
flag could be temporarily attached to the wire as a pacing signal, and 
the athlete’s task would be to keep abreast of it. 

The question presents itself why the relations between time, dis- 
tance and average speed, in the various classes of events here con- 
sidered, should follow the particular exponents given in formulas (1), 
(2) and (8). No answer is as yet forthcoming. It is essentially 
connected with the physiology of muscular activity. The researches 
of Prof. A. V. Hill§ and his associates, have however opened upon the 
question. They have shown that when athletic exercise begins, the 
oxygen intake rises suddenly from a low value, characteristic of rest, to 
a high value, characteristic of the effort undertaken. The oxygen 
requirement is proportional to the total muscular work done. The 
available inhalation rate of supply is limited. The body can, however, 
go into debt for oxygen, or incur an oxygen deficit, up to a certain 
limit. When this oxygen debt amounts to about 15 liters, at ordinary 
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atmospheric pressure, the body becomes incapable of further muscular 
effort and becomes temporarily exhausted. Each liter of oxygen ab- 
sorbed by inhalation and consumed in the active body, liberates about 
5 kilogram-calories of energy which, if completely converted into 
mechanical energy, would be 2135 kilogram-meters. The muscular 
activity in a race can be varied at the will of the racer. He can inhale 
oxygen at any required rate up to about 4 liters per minute, but must 
arrive at the goal with a total deficit not exceeding 15 liters. The 
reader is referred to Hill’s papers for further particulars on this very 
interesting and important subject. Until the quantitative physio- 
logical relations are further developed, we have to be content with the 
statistical facts. 

Prof. A. V. Hill has also arrived at the same conclusion, as to uni- 
form speed being the optimum speed, from physiological considera- 
tions. ® 

CONCLUSIONS 


1. During the past twenty years, there have been two classes of 
racing events in which a general improvement in speeds can be de- 
tected; namely, men swimming, with a ten per cent increase, and 
horses running, with about two per cent increase. In the other 
classes of events, there have been individual improved records; but 
no general improvement in speed is clearly discernible. 

2. Automobile records, during the past twenty years, indicate 
substantially constant speeds over all courses from 80 to 400 km., 
with some quasi fatigue between 400 and 800 km. 

3. Bicycling records are not yet sufficiently developed and stand- 
ardized to give consistent quantitative relations of speed versus 
distance. 

4. Races over metric distances are today much more common than 
they were twenty years ago. At that time, world records were 
mostly over mile and yard distances. 

5. Racing horses have continued to show a higher degree of pro- 
fessional precision in their performances, than racing men. That is, 
the average percentage deviation of observed times from computed 
times, over their series of events, is less than thatofmen. The plotted 
points for horse races conform more nearly to the straight line, than 
for men’s races. 

6. World’s records in three classes of events for horses, and five 
classes of events for men, represent substantially the same law of 
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fatigue; namely that the time varies as the nine-eighths power of the 
distance, or as the inverse ninth power of the average speed; so that 
doubled racing speed corresponds to cutting down the running time to 
approximately one five-hundredth part (1/512). 

7. Those records which lie above the straight lines of Figs. 1 to 8, 
are presumably more vulnerable and more easy to supersede, than 
those which lie below. The general result of the improvements in 
records during the past twenty years has been on the whole to bring 
the points nearer to the lines. 

8. The indications are that the best schedule of speed control in any 
long race, i.e. any race that lasts say longer than one minute, is to 
maintain the speed as nearly uniform as possible throughout. 
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